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FUSED MULTIP ARTICLE POLYMERTC MATRIX MATERIAL 
AND METHOD OF MAKING 

Field of the Invention 

5 The present invention relates to a material made by fusing 

thermoplastic particles. The resultant material includes particles that have generally 
distinct boundaries once fused, and thereby emulates the aesthetic characteristics of 
stone (e.g., granite). Such material can be used for countertops, tiles, flooring, etc. 

10 Background of the Invention 

Currently, there are a number of poured organic polymeric 
countertop materials made from organic polymeries such as acrylic, polyester, and 
other blends. These products are commercially available, for examples, under the 
tradenames CORIAN, AVONITE, and GIBRALTER. Such products are typically 

1 5 made by casting, although they may be extruded in some situations. 

Other organic polymeric products are made by injection molding or 
compression molding organic polymeric pellets, or thermoforming organic 
polymeric sheets, for example. Typically, such methods cause the organic 
polymeric particles and sheets to melt and flow, thereby eliminating any discrete 

20 particles or boundaries and forming a homogeneous material. 

Various attempts have been made to produce solid surface materials 
(e.g., countertops) with a stone-like (e.g., granite-like) look. One method that has 
been used is to suspend acrylic chips in a liquid acrylic. This method is not very 
effective, however, because the resultant material lacks the random fractal geometry 

25 of stone such as granite. 

The only known synthetic material that has a random fractal 
geometry is a rigid biocomposite pressure-formed material produced upon fusing 
discrete fiber-reinforced protein-based biocomposite particulate material under 
elevated pressure and temperature. This material is available from Phenix 

30 Biocomposites, St. Peter, MN. It has a granite-like look and can be engineered to 
meet the physical characteristics of wood. Athough this material could be treated 
to repel water, there is a need for a more water resistant material that could be used 
for countertops and other products that contact water. 
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Summary of the Invention 

The present invention provides a structurally rigid organic polymeric 
pressure-formed material produced from thermoplastic particulate material (i.e., 
particles) upon fusing the particulate material under elevated pressure and 
5 temperature. The individual particles maintain generally distinct boundaries once 
fused. The particles can be of varying compositions, sizes, shapes, colors, etc. This 
fusing of particles results in the formation of a pressure-formed material that can 
exhibit a stone-like granular appearance, e.g., a colorized pattern resembling granite 
or other natural stones. Thus, the pressure-formed material of the present invention 

10 is a fused multiparticle polymeric matrix material. As used herein, "matrix" refers 
to an array of different particles in a random fractal geometry. The invention also 
provides a process necessary to fabricate such products, e.g., such as solid surface 
materials suitable for use as countertops, tiles, and flooring, as well as alternatively 
shaped pressure-formed materials. 

15 The particulate material includes thermoplastic particles that are 

capable of being fused under elevated temperatures and pressures into a rigid 
material wherein the fused particles maintain generally distinct and well-defined 
boundaries. The particulate material can also include thermoset particles that do not 
necessarily fuse to each other, but can be incorporated within the matrix of the fused 

20 thermoplastic particles. Also, the particulate material can include inorganic 
materials such as particles of metals and minerals, as well as discrete fiber- 
reinforced protein-based biocomposite particulate material as disclosed in 
International Publication No. WO 95/04779 (published February 16, 1995), etc. 
Particularly preferred pressure-formed materials also include a secondary 

25 thermosetting binder, such as an isocyanate, preferably an aromatic isocyanate, for 
enhanced mechanical and physical properties. Such secondary thermosetting 
binders allow for a variety of dissimilar particulates to be used that would not 
necessarily effectively fuse together under only the application of heat and pressure. 

The discrete particles, whether they be just thermoplastic particles 

30 or mixtures of thermoplastic particles with other organic polymeric particles (e.g., 
thermoset particles), inorganic particles, or biocomposite particles, preferably have 
an average particle size of no greater than about 2 cm. The thermoplastic particles, 
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whether used alone or in combination with other particles, are capable of forming 
a rigid organic polymeric material having a Modulus of Rupture of about 1000-4000 
pounds per square inch (psi) and a Modulus of Elasticity of about 100,000-400,000 
psi (when tested in accordance to ASTM D- 1037-91). Typically, with the use of the 
5 secondary thermosetting binder (e.g., an aromatic isocyanate), the rigid 
biocomposite pressure-formed material has a Modulus of Rupture of greater than 
about 2000 psi, preferably, greater than about 3000 psi, and more preferably, greater 
than about 3200 psi, and a Modulus of Elasticity of greater than about 100,000 psi, 
preferably, greater than about 200,000 psi, and more preferably, greater than about 
10 300,000 psi. 

The present invention is also directed to a method of preparing these 
fused multiparticle matrix materials. The particles are fused into a rigid pressure- 
formed material by pressing them under an elevated temperature and pressure. The 
temperatures used are within a range that allows the particles to soften sufficiently 

1 5 to fuse together, but not to melt and flow. This temperature range is one that causes 
the particles to become "viscoelastic" (i.e., soften) but not liquid, and is dependent 
on the type of thermoplastic particulate material. Preferably, a temperature of about 
60-300 °C is used to cause the thermoplastic particulate material to become 
viscoelastic. The pressures used are within a range that removes void space 

20 between the viscoelastic particles and assists in fusing the particles together. 
Preferably, a pressure of about 500-2500 psi is used during the formation of the 
pressure-formed material. In particularly preferred embodiments, the particles used, 
whether just the thermoplastic particles or the thermoplastic particles in 
combination with thermoset particles, inorganic particles, or biocomposite particles, 

25 are coated (e.g., spray-coated) with a secondary thermosetting binder prior to fusing 
the particles into a rigid organic polymeric pressure-formed material (i.e., fused 
multiparticle polymeric matrix material). 

Various advantages and distinctions of the present invention will 
become more apparent from the following detailed description, including the figures 

30 and examples. 
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Brief Description of the Drawing s 

Figure 1 is a photograph of the granular structure and stone-like 
appearance of a section of the pressure-formed material of the present invention. 

5 Detailed Description of Preferred Embodiments 

The present invention provides a structurally rigid organic polymeric 
pressure-formed material made from thermoplastic particulate material, optionally 
in combination with thermoset particles (e.g., urethane or rubber), inorganic 
particles of metals (e.g., aluminum or brass particles) and minerals (e.g., mica, 

1 0 gypsum, vermiculite, or silica), as well as other particulate material such as discrete 
fiber-reinforced protein-based biocomposite particulate material as disclosed in 
International Publication No. WO 95/04779 (published February 16, 1995), which 
is incorporated herein by reference. The individual particles can also include a 
colorant if desired. Typically, for the desired appearance, a mixture of a variety of 

15 particles of differing colors are used. Furthermore, mixtures of particles having 
different clarity and translucency can be used. Also, mixtures of particles having 
different compositions, e.g., types of polymer and fillers, for example, can be used. 
Once fused into a structurally rigid product, through compression molding, for 
example, the particles maintain generally well-defined and distinct boundaries 

20 forming irregularly shaped domains. Thus, the present invention provides fused 
multiparticle matrix materials that can have a stone-like granular appearance. 

Thus, particles of varying shades and colors can be combined to form 
products that exhibit colorized patterns resembling granite and other natural stones 
of an igneous nature. That is, a granular appearance can be exhibited which in one 

25 instance closely resembles granite. Other appearances are attainable upon varying 
the concentrations of the sized particulates and colorants, however. Figure 1 is a 
photograph of the granular structure and stone-like appearance of a section of 
pressure-formed material of the present invention. 

Such pressure-formed materials of the present invention are generally 

30 impervious to water, and generally resistant to impact and abrasion under normal 
conditions of use (e.g., when used as a kitchen or bathroom countertop). The 
density and machinability characteristics of the rigid pressure-formed materials are 
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similar to solid surface materials currently on the market for use in countertops, for 
example. 

Thus, the present invention provides irregularly patterned, multi- 
colored (e.g., granite-like) rigid organic polymeric pressure-formed materials. Such 
5 granite-like patterns have never before been accomplished in organic polymeric 
materials. Thus, the materials of the present invention result from an appreciation 
of the process of forming natural stone and the relationship of human perceptions 
of natural stone. That is, natural stone is formed from densely packed random 
crystals of variously colored minerals, which, over time in response to specific 

1 0 physical laws, combine and tend toward a minimum energy system. Such a process 
parallels recent understandings of the theories of ordered chaotic systems. Human 
eye-brain perceptions, in contrast, are learned. Thus, any recognition and 
appreciation that a material is "natural" or "artificial" is formed upon a mental 
comparison to learned perceptions. Because the artificially produced materials of 

15 the invention closely approximate the natural random crystal ordering of igneous 
stone, particularly granite, the resultant material is perceived to be stone. 

The thermoplastic particles are typically in the form of generally hard 
irregularly shaped lumps or balls. Preferably, they are in the form of conchoidal 
fractured particles (i.e., a fractured form typically occurring in minerals as a result 

20 of a blow or a process such as hammer milling or granulated). They typically have 
an average particle size (as determined by the largest dimension of the particle) of 
no greater than about 2 cm, and often no greater than about 1 cm. Typically, 
particles larger than this do not generally process well, e.g., press well. The 
minimum particle size can vary as desired. These particle sizes also apply to the 

25 optional thermoset particles, inorganic particles, biocomposite particles, etc. 

The thermoplastic particles are capable of being bonded or fused 
together under heat and pressure, preferably in the presence of a secondary 
thermosetting binder. This is because the viscoelasticity of the thermoplastic 
particles can be altered with elevated temperatures and pressures such that the 

30 particles are plasticized and softened, but are not flowable. For example, polyester 
is in a solid state at room temperature and is very strong and highly resistant to 
reshaping by the application of pressure. At temperatures over 265 °C, polyester 



WO 98/27131 



PCT/US97/22489 



6 

melts and becomes flowable, which is required for injection molding and other 
forming processes currently being used. There is a range of temperatures, however, 
within which polyester particles soften and do not flow. This range, which is 
typically about 60-265 °C for polyester, is the "viscoelastic" range wherein the 
5 particles maintain their individuality and can be easily reshaped. In this state, 
pressures of at least about 500 psi can be used to fuse the particles into a pressure- 
formed article. 

As previously stated, it is preferred to include a secondary 
thermosetting binder. It is believed that a secondary thermosetting binder further 

1 0 cures such that there are resin-resin interactions between the particles, although not 
to such an extent that the particles flow together and lose their distinct boundaries. 

The thermoplastic particles can be formed from organic polymeric 
materials such as polycarbonate, polyethylene, polystyrene, acrylic, polyester, or 
other desired organic polymeric materials. Colorants (e.g., pigments or dyes) can 

1 5 be incorporated into the particles or used separately in combination with colorless 
particles to provide variations in the depth of field in the end product. The particles 
can be purchased or they can be extruded and optionally hammer milled into the 
desired shapes and sizes. Minerals, thermoplastic fillers, and fiber fillers, for 
example, can also be incorporated into the particles to vary the clarity and optical 

20 properties of individual particles. 

Preferably, the colorant can withstand the processing conditions used 
herein, e.g., temperatures as high as 200 °C. That is, the colorant must be able to 
maintain color fastness under heat and pressure. Furthermore, the colorant should 
be UV-stable. Also, each colored particulate material must not significantly bleed 

25 or transfer color to adjacent colored particulate material during processing into the 
pressure-formed products. These requirements are generally met by commercially 
available inorganic or organic colorants, i.e., dyes or pigments. 

Suitable inorganic colorants are generally metal-based coloring 
materials, such as ground metal oxide colorants of the type commonly used to color 

30 cement and grout. Such inorganic colorants include, but are not limited to: metal 
oxides such as red iron oxide (primarily Fe^), yellow iron oxide (Fe 2 0 3 »H 2 0), 
titanium dioxide (Ti0 2 ), yellow iron oxide/titanium dioxide mixture, nickel oxide, 
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manganese dioxide (Mn0 2 ), and chromium (III) oxide (Cr 2 0 3 ); mixed metal rutile 
or spinel pigments such as nickel antimomy titanium rutile ({Ti,Ni,Sb}0 2 ), cobalt 
aluminate spinel (CoAl 2 0 4 ), zinc iron chromite spinel, manganese antimony 
titanium rutile, iron titanium spinel, chrome antimony titanium rutile, copper 
5 chromite spinel, chrome iron nickel spinel, and manganese ferrite spinel; lead 
chromate; cobalt phosphate (Co 3 (P0 4 ) 2 ); cobalt lithium phosphate (CoLiP0 4 ); 
manganese ammonium pyrophosphate; cobalt magnesium borate; and sodium 
alumino sulfosilicate (Na 6 Al 6 Si 6 0 24 S 4 ). Suitable organic colorants include, but are 
not limited to: carbon black such as lampblack pigment dispersion; xanthene dyes; 

10 phthalocyanine dyes such as copper phthalocyanine and polychloro copper 
phthalocyanine; quinacridone pigments including chlorinated quinacridone 
pigments; dioxazine pigments; anthroquinone dyes; azo dyes such as azo 
naphthalenedisulfonic acid dyes; copper azo dyes; pyrrolopyrrol pigments; and 
isoindolinone pigments. Such dyes and pigments are commercially available from 

15 Mineral Pigments Corp, (Beltsville, MD), Shephard Color Co. (Cincinnati, OH), 
Tamms Industries Co. (Itasca, IL), Huls America Inc. (Piscataway, NJ), Ferro Corp. 
(Cleveland, OH), Engelhard Corp. (Iselin, NJ), BASF Coip. (Parsippany, NJ), Ciba- 
Geigy Corp. (Newport, DE), and DuPont Chemicals (Wilmington, DE). 

The colorant is typically added to the particulate material without 

20 further processing and in an amount suitable to provide the desired color. 
Preferably, the colorant is present in the particulate material in an amount of no 
greater than about 15% by weight of the particles, more preferably, no greater than 
about 10%, and most preferably, no greater than about 3%. The colorant can be in 
the thermoplastic particles, the optional thermoset particles, or the optional 

25 biocomposite particles, for example. 

For particularly advantageous results the particulate material is 
preferably coated with a secondary thermosetting binder, such as an isocyanate, 
epoxy, phenolic, melamine, or urea-containing binder. Preferably, the secondary 
thermosetting binder is an organic isocyanate, and more preferably an aromatic 

30 isocyanate. The secondary thermosetting binder provides greater mechanical 
properties, e.g., stiffness and strength, to the pressure-formed products. For 
example, it decreases the amount of cupping and warping of the pressure-formed 
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material. The use of secondary thermosetting binder can increase the modulus of 
elasticity by about 30% or more, and the modulus of rupture by about 50% or more. 
The thermosetting binder is particularly advantageous when the thermoplastic 
particulate material is used in combination with thermoset particulate material, 
5 inorganic particulate material, and/or biocomposite particulate material. 

Suitable isocyanates include, but are not limited to, the aromatic 
isocyanates 4,4-diphenylmethane diisocyanate (MDI), toluene isocyanate (TDI), 
xylene diisocyanate (XDI), and methaxylene diisocyanate (MXDI). Preferably, the 
aromatic isocyanate is MDI. The secondary thermosetting binder can be used in an 

1 0 amount of about 0.5-30%, preferably about 2-10%, based on the total weight of the 
organic polymeric particles. Preferably, the secondary thermosetting binder is used 
in an amount of about 3-6%, based on the organic polymeric particles. 
Advantageously, no hardeners or buffers are required to be used with the aromatic 
isocyanate, thereby reducing any potential for incompatibility with other additives 

1 5 used in the compositions of the present invention. 

The mechanical and physical properties of the pressure-formed 
materials of the present invention can be readily controlled and engineered as 
desired. That is, depending on the additives, type of particles, the applied pressure, 
and the heating schedule, for example, the density, surface hardness, bending 

20 modulus, and tensile and compressive strength of the pressure-formed products can 
be varied. 

Depending on the various components, amounts, and processing 
parameters chosen, values for Modulus of Rupture ("MOR") can range from about 
1000 psi to about 4000 psi, and values for Modulus of Elasticity ("MOE") can range 

25 from about 100,000 psi to about 400,000 psi (when tested in accordance to ASTM 
D-1037-91). Typically, with the use of the secondary thermosetting binder (e.g., an 
aromatic isocyanate), the rigid biocomposite pressure-formed material has a 
Modulus of Rupture of greater than about 2000 psi, preferably, greater than about 
3000 psi, and more preferably, greater than about 3200 psi, and a Modulus of 

30 Elasticity of greater than about 100,000 psi, preferably, greater than about 200,000 
psi, and more preferably, greater than about 300,000 psi. Typically, the preferred 
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higher MOR and MOE values can be obtained through the use of high secondary 
thermosetting resin levels and/or high pressures. 

Hardness values will also typically increase with the use of a 
secondary thermosetting resin. Such increases can range from about 2% to about 
5 1 0%. The hardness, however, typically also depends on the type(s) of particulate 
material and processing conditions. 

In general, the pressure-formed products of the present invention are 
made by a process that involves fusing the thermoplastic particulate material 
(optionally with thermoset particulate material, inorganic particulate material, 

10 biocomposite particulate material, etc.) described above into a rigid material. 
Preferably, the process involves obtaining the particles in the desired size and shape 
and fusing the particles, optionally coated with a secondary thermosetting binder. 
The particles are typically fused when thermally pressed at a temperature of about 
60-300°C and a pressure of about 500-2500 psi, for about 1-60 minutes. The 

1 5 resulting material (e.g., shaped object) is suitable for further forming and finishing 
steps. The raw stock is then finished with appropriate shaping and surface finishing 
steps, if desired, to produce a final finished product. If used as a laminate or 
molding accent, a material would typically undergo further preparation for 
attachment to furniture or possibly ceiling or wall panels. 

20 The particulate material can be purchased and used as is or it can be 

preprocessed if necessary. Such preprocessing can involve melting and reforming 
the material into particles and/or selecting, sizing, grading, sorting, and storing in 
appropriate bins in a form ready for subsequent processing. Typically, the 
thermoplastic particles are purchased in a form ready for use. Preferred 

25 thermoplastic particles are referred to as "regrind" and can be purchased in a variety 
of colors from a variety of commercial sources. Regrind typically comes in a 
mixture of a broad range of particle sizes. 

Once prepared, each of the separate batches of particles, which are 
typically colorized, can be stored for an unlimited amount of time until combined. 

30 The separate colorized batches are combined or admixed in various prescribed 
proportions to provide a desired particulate material mixture that will yield a 
reproducible "chaotic" color pattern in the finished product. Typically, at least four 
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different batches of particles, which can vary by color, clarity, particle shape, 
particle size, type of particle, type and amount of filler, etc., are used to simulate 
granite. For example, to provide a product that virtually duplicates the appearance 
of natural "red granite," the following particles are combined: red polyester (Red 
5 PET) particles having an average particle size of about 0.05 cm and 50% 
translucency with a melt temperature of about 120°C; black modified polyester 
(Black PET) particles having an average particle size of about 0.9 cm and 100% 
opacity with a melt temperature of about 120°C; white polyester (White PETG) 
particles having an average particle size of about 1.2 cm and a milky white 

1 0 appearance with a melt temperature of about 200°C; and red polyester (Red PETG) 
particles having an average particle size of about 1 .2 cm and a milky red appearance 
with a melt temperature of about 200 °C. All of these particles are available from 
Spartek, Mankato, MN. Interestingly, such PET and PETG particles are typically 
not compatible in extrusion or compression molding processes, but are compatible 

15 in the methods used to make the articles of the present invention. 

Alternatively, red granite appearing fused multiparticle matrix 
material can be prepared by replacing the Red PETG with a red fiber-reinforced 
protein-based biocomposite particulate material as disclosed in International 
Publication No. WO 95/04779 (published February 16, 1995). Such biocomposite 

20 particulate material includes primarily renewable natural resources, i.e., cellulosic 
material, such as recycled newspaper, and a protein-based resin prepared from 
ground leguminous material, such as soy flour. That is, the particulate material is 
primarily a cellulose-reinforced vegetable protein-based thermosetting resin system. 
This protein-based resin (also referred to as a legume-based resin) forms the matrix, 

25 i.e., the primary binding agent, of the biocomposite particulate material. Preferably, 
on a dry weight basis, the ratio of cellulose to resin solids, e.g., paper to soy flour, 
is about 0.8: 1 .0 to about 1.5:1 .0, and more preferably about 1 .0: 1 .0 to about 1 .3:1 .0. 
Thus, the amount of the thermosetting resin solids relative to the total amount of 
resin solids and cellulose solids in the biocomposite particulate material prior to 

30 pressure-forming is preferably about 40-56%, and more preferably about 43-50%. 
The method of making such fiber-reinforced protein-based biocomposite particulate 
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material is disclosed in International Publication No. WO 95/04779 (published 
February 16, 1995), which is incorporated herein by reference. 

When thermoplastic particles are combined with thermoset particles, 
inorganic particles, biocomposite particles, etc., to form fused multiparticle matrix 
5 material, the thermoplastic particles are preferably used in an amount of at least 
about 50% by weight, based on the total weight of all the particles prior to coating 
or fusing. More preferably, the thermoplastic particles are used in an amount of at 
least about 60% by weight, based on the total weight of all the particles prior to 
coating or fusing. Most preferably, the thermoplastic particles are used in an 

10 amount of at least about 80% by weight, based on the total weight of all the particles 
prior to coating or fusing. 

Mixing of the batches of particulate material of varying types of 
particles, varying colors of particles, varying degrees of translucency of the 
particles, etc., can be carried out in a ribbon blender, a screw mixer, a tumble mixer, 

15 or any other means typically used in blending particulate material streams ( e.g., 
free-flowing solids). Preferably, a ribbon blender is used to form a generally 
uniform distribution of the different particles. It is significant to note that there is 
not discernible color transfer from one particle to another during this blending 
process. This is at least because stable colorants are chosen such that they do not 

20 significantly bleed under these blending conditions or the subsequent processing 
conditions. Typically, this blending process does not significantly alter the particle 
size of the particulate material; however, the mechanical mixing process can reduce 
the size of large particles and break up aggregates of particles. This homogenized 
mixture is then typically screened to remove any remaining large clumps or 

25 aggregates of material that may have formed in the mixing and blending processes. 
These clumps can be broken apart into smaller particles or discarded as deemed 
appropriate. Preferably, a screening device having a mesh size of 2 cm or smaller 
is used. Typically, a vibrating angled diamond screen having a 0.95 cm screen size 
is used. 

30 The pressure-formed material can be produced by a variety of 

methods. In one method, it is produced by heating and pressing the particulate 
material at an elevated pressure and temperature in a hot press. As used herein, 
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"elevated" refers to temperatures and pressures above ambient conditions, i.e., room 
temperature and atmospheric pressure. The press may be either closed or open as 
in a caul or screen system, and the material may be pressed to stops or thickness, or 
pressure. If an open system is used, cold pre-pressing may be necessary for 
5 handling purposes. Alternatively, the particulate material can be roll pressed. 
Preferably, the material is compacted and heated in a one-step pressing operation 
to compress and optionally further cure the particulate material. 

Prior to compressing the particulate material, it is preferably and 
advantageously coated with a secondary thermosetting binder (e.g., an aromatic 

1 0 isocyanate), and other optional additives, such as a sizing agent for additional water 
repellency. This can be accomplished by blending the particles with the secondary 
thermosetting binder and/or other additives using a blender, such as a continuous 
or batch-type ribbon blender or a batch-type or continuous drum blender, and 
coating, preferably spray coating using high pressure pumps, air atomizers, 

15 mechanical atomizers (e.g., a spinning disc atomizer), or a combination thereof. 
The secondary thermosetting binder may interact with the particles in the drying 
step of the process. This can create a dual resin system, e.g., the resin of the 
particles and an isocyanate resin, which is believed to provide greater advantage 
than either used alone. 

20 The pressures and temperatures used to fuse the particles together are 

chosen such that the particles do not completely melt and flow, but only soften and 
are capable of being fused together without losing their discrete boundaries upon 
compaction. Although the pressure can be applied in a progressive manner, 
typically it is more efficient to simply apply a constant pressure for a specific period 

25 of time. For heated platen systems, the platen temperature during the pressure phase 
is preferably about 60-300°C, while the pressure is preferably about 500-2500 psi. 
It is to be appreciated that the compacted particulate material can either be 
alternately heated and compressed or simultaneously heated and compressed. 

The duration of the applied heat and pressure are selected in relation 

30 to the thickness and desired density of the product being prepared. For example, for 
a nominal sheet of 1 inch thickness of material containing 80% polyester and 20% 
fiber-reinforced protein-based biocomposite particulate material as disclosed in 
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International Publication No. WO 95/04779 (published February 16, 1995), using 
an electrically heated thermal platen press, an exposure time of about 15 minutes at 
750 psi and 1 16°C produces a suitable sheet. A thermally heated platen press is 
particularly advantageous at least because it is economical. 
5 Depending upon the pressure-formed product being prepared, a 

suitable heated press is selected that is capable of compacting the particulate 
material to the desired size and providing a preferred throughput rate and energy 
consumption. For example, a standard plastic compression molding press, such as 
that available from Dake Corp., Grand Haven, MI, or PHI Inc., City of Industry, CA, 

10 can be used. Such heated molding presses are suitable for hot pressing a single 
sheet of fused multiparticle matrix material of the present invention. 

In post-conditioning, the sheets can be surface-planed immediately 
after pressing while they are still hot. The planed sheets are typically stacked, i.e., 
piled one on top of another, while still hot and covered with an insulating counter 

15 weight flat panel material. The sheets are stored in this fashion for at least about 
one week prior to sizing and finishing. 

At the finishing stage, the pressure-formed product is surface 
finished, sized, and final shaped according to various market requirements by 
sanding, planing, sawing, shaping or other appropriate machining. By bonding 

20 individual sheets together, complex shapes and assemblies can be formed. Matrix 
materials with other materials can also be obtained, such as by inlay. Seamed 
assemblies preferably are formed from sheets prepared from common color batches 
to minimize any color differentiation. 

A desirable attribute of the sheets produced by either of the processes 

25 is that the material is relatively dense and thus can be finished to form relatively 
smooth edges and surfaces. Correspondingly, the edges accommodate conventional 
finger, or butt jointing and other jointing techniques to enable the production of 
larger, complex pieces from multiple smaller pieces. Also, because of the unique 
homogeneous color patterns exhibited throughout an entire volume of the produced 

30 product, essentially seamless joints are obtained. Complex shapes, such as corner 
molding, contours and orthogonal jointed comers can also be formed with invisible 
seams at the juncture of two pieces of the same material. 
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A further attribute of derived sheet material is that compositional or 
inlaid sheets can be fabricated, using the batch processing method. In such 
instances, separately prepared inlay members, such as commemorative plates, name 
tags or the like, and which can comprise almost any organic material (e.g., wood or 
5 organic polymeries), or inorganic material (e.g., metal) can be inserted into the press 
mold prior to the pressing step. Once the particles are added and compressed during 
the molding process, the particulate material forms around and in intimate contact 
with the inlay material. Upon final curing, a strong contact and bond is made 
between the inlay and sheet, and the inlay becomes an integral part of the resulting 
10 sheet. 

Still another attribute of the invention using the process and 
equipment described above is the ability to machine the upper and/or lower plates 
either in cameo or intaglio with a desired figure or shape. When the particulate 
material is pressed in the mold, the sheet material will retain an image of the pattern 
15 provided in the mold plate either intaglio or cameo, depending upon whether the 
mold plate pattern is raised or inset Upon cooling the sheet, the pattern is retained 
in fine detail. 

The following examples are offered to further illustrate the various 
specific and preferred embodiments and techniques. It should be understood, 
20 however, that many variations and modifications may be made while remaining 
within the spirit and scope of the present invention. As used in the examples, and 
elsewhere herein, percentages are weight percentages unless otherwise indicated. 

Experiments Example 

25 A fused multiparticle polymeric matrix material of the present 

invention was prepared as follows. Materials were purchased from Spartec, a 
plastic extrusion company located in Mankato, MN. Three types of polyester 
particulate materials were purchased, referred to as "PET" (natural and opague 
white) and "PETG" (clear). The particulate material had a distribution of sizes less 

30 than about 1.2 cm. A mixture of 25:25:50 PET (natural) to PET (white) to PETG 
(clear) was prepared by blending until uniformly distributed. "RUBINATE" MDI 
form ICI, Inc. was sprayed onto the particles in an amount of about 5% by weight. 
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Mixing was continued to evenly distribute the MDI. The mixture was placed into 
a laboratory size mold (23 cm x 9 cm). The mold was electrically heated and was 
made out of aluminum for improved heat transfer. The temperature and the 
pressure of the mold were set at 210°C and 750 psi, and the material was 

5 compressed until no additional compression was measurable, which was typically 
about 7-1 0 minutes. The compressed material was removed from the mold, allowed 
to cool while on edge to prevent sagging. Once cooled the material was sanded 
sequentially using 120 and 240 grit sand paper on a "TIMES AVER" sanding 
machine (Timesaver Corp., Minneapolis, MN). This procedure was repeated except 

10 that no MDI was added. The MOR and MOE values were determined according to 
ASTM D-1037-91. With MDI, the MOR was 3389 psi and the MOE was 368,003 
psi. Without MDI, the MOR was 1393 psi and the MOE was 262,319 psi. 

Although the invention has been described with respect to various 
1 5 presently preferred mixtures and production equipment, it is to be appreciated that 
still other methods and mixtures may be suggested to those skilled in the art. 
Accordingly, it is contemplated that the foregoing description should be interpreted 
to include all those equivalent embodiments within the spirit and scope thereof. 
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WHAT IS CLAIMED IS: 

1 . A fused multiparticle polymeric matrix material comprising fused discrete 
thermoplastic particles, wherein the particles have generally distinct 
boundaries once fused. 

2. The matrix material of claim 1 wherein the thermoplastic particles comprise 
a mixture of different types of thermoplastic particles. 

3. The matrix material of claim 1 which has a stone-like granular appearance. 

4. The matrix material of claim 1 having a Modulus of Rupture of about 1 000- 
4000 psi and a Modulus of Elasticity of about 100,000-400,000 psi. 

5. The matrix material of claim 1 further comprising a secondary thermosetting 
binder. 

6. The matrix material of claim 5 wherein the secondary thermosetting binder 
is selected from the group of an isocyanate, epoxy, phenolic, melamine, and 
urea-containing binder. 

7. The matrix material of claim 6 wherein the secondary thermosetting binder 
comprises an aromatic isocyanate. 

8. The matrix material of claim 5 having a Modulus of Rupture of greater than 
about 2000 psi and a Modulus of Elasticity of greater than about 100,000 
psi. 

9. The matrix material of claim 5 further comprising fused discrete thermoset 
particles. 

10. The matrix material of claim 5 further comprising fused inorganic particles. 
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11. The matrix material of claim 5 further comprising fused discrete fiber- 
reinforced protein-based biocomposite particles. 

12. The matrix material of claim 1 which forms a solid surface material. 

13. The matrix material of claim 1 wherein the thermoplastic particles comprise 
a mixture of differently colored particles having different levels of 
translucency. 

14. The matrix material of claim 1 wherein at least about 50% by weight of the 
particles are thermoplastic particles. 

1 5. A method of preparing a fused multiparticle polymeric matrix material, the 
method comprising: 

- heating particulate material comprising thermoplastic particles to 
a temperature effective to cause the thermoplastic particles to 
become viscoelastic; and 

- pressing the visoelastic particles under sufficient pressure for a 
time effective to fuse the particles into a fused multiparticle 
polymeric matrix material comprising particles having generally 
discrete boundaries once fused. 

16. The method of claim 15 wherein the heating and pressing steps occur 
simultaneously. 
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17. The method of claim 15 wherein the particulate material comprises a 
mixture of different types of thermoplastic particles. 

18. The method of claim 17 wherein the particulate material comprises a 
mixture of differently colored particles having varying degrees of 
translucency. 

19. The method of claim 15 wherein the particulate material is coated with a 
secondary thermosetting binder prior to being subjected to the heating and 
pressing steps. 



20. 



The method of claim 19 wherein the particulate material further comprises 
thermoset particles, inorganic particles, fiber-reinforced protein-based 
biocomposite particles, or combinations thereof. 
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